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improved method of producing an aspartic protease polypeptide in 

A RECOMBINANT HOST ORGANISM 

5 FIELD OF INVENTION 

The present invention relates generally to the field of polypeptides and in particular to as- 
partic proteases such as e g chymosm Specifically, the invention pertains to novel re- 
combinant means of improving the production and/or secretion of polypeptides, in partocu- 
10 lar aspartic protease, which is modified in at least one glycosylate site 

PRIOR ART AND TECHNICAL BACKGROUND 

A wide vanety of prokaryotic and eukaryotic hosts exist and is available for the expression 
1 5 of heterologous genes The features of importance for selecting an apprapnate host de- 
pend on the characteristic of the protein to be produced and the applications hereof It ap- 
pears that filamentous fungi possess unique features, which make them attractive as host 
organisms for the production of heterologous gene products It is furthermore known by a 
person of skill that certain fungal species are capable of secreting large quantities of pro- 
20 terns m submerged cultures In 1991 , selected strains of Aspergillus ntger can produce 
greater than 20 g of glucoamylase per litre in industrial fermentations Dunng the last dec- 
ade, the use of filamentous fungi for the expression and secretion of heterologous pro- 
teins has been extensively explored For example, Berka et al (1991) disclosed the use of 
strains of Aspergillus mger var awamon as hosts for the expression and secretion of bo- 
25 vine chymosln and Rhtzomucormtehei aspartyl protease (RmAP), two milk-dotting en- 
zymes used commercially in cheese manufactunng to obtain coagulation (alias clotting) of 
the milk 

Enzymatic coagulation of milk by milk-clotting enzymes, such as thymosin and pepsin, is 
30 obviously one of the most important processes in the manufacture of cheeses Enzymatic 
milk coagulation is a two-phase process* a first phase where a proteolytic enzyme, pref- 
erably an aspartic protease such as e g chymosm or pepsin, attacks x-casem, resulting in 
a metastable state of the casein micelle structure and a second phase, where the milk 
subsequently coagulates and forms a coagulum 

35 
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Chymosin (EC 3 4.23 4) and pepsin (EC 3 4.23 1), the milk dotting enzymes of the 
mammalian stomach, are aspartic proteases that are produced naturally in the gastric 
mucosal cells of several mammalian species including ruminant species, porcine species, 
pnmate species and ungulate speaes When produced in the gastnc mucosa! cells, chy- 

5 mosin occurs as enzymatically inactive pre-prochymosin When chymosin is excreted, an 
N-terminal peptide fragment, the pre-fragment (signal peptide) is cleaved off to give pro- 
chymosin including a pro-fragment Prochymosin is a substantially inactive form of the en- 
zyme, which however, becomes activated under acidic conditions to the active chymosin 
by autocatalytic removal of the pro-fragment The active form is termed the mature form 

10 This activation occurs in two in the gastnc lumen under appropriate pH conditions or m 
vitro under acidic conditions 

An insufficient availability of caff stomachs often occurs and a consequence of this is that 
the price of calf chymosin becomes subject to undesired fluctuations For these reasons 
15 expression of bovine chymosin in microorganisms is very attractive as production method, 
as it will tend to hamper pnce level fluctuations and to date bovine chymosin cONA se- 
quences have been successfully expressed in bactena yeast and filamentous fungi 

However, major barners for achieving higher yields of aspartic proteases such as e g 
20 chymosin from filamentous fungi unfortunately exist Examples hereof include proteolytic 
degradation of the protein by endogenous host aspartyt proteases and inefficient secre- 
tion of the heterologous protein product from the fungi 

In order to avoid some of the above barriers, the general practice for production of non- 
25 homologous proteins in fungi is to make a fusion of the protein of interest to a highly se- 
creted fungal earner molecule such as e g glucoa myiases , or amylases or cellulases A 
specific cleavage site is usually introduced between the earner molecule and the non- 
fungal protein One example of such a production system is the production of chymosin by 
Aspergillus ntger var awamon, in which the prochymosin gene is fused to the fungal car- 
30 ner glucoamylase (Ward et al , 1990) 

The chymosin molecule is well charactensed in the pnor art It appears that Chymosin 
consists of one single chain of 223 ammo acids having three disulphide bndges and a mo- 
lecular weight of approx 35 000 The ammo acid sequence is known Chymosin exists in 
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at least two iso-fbrms, viz A and B The A-fonrn possesses the ammo acid Asp in position 
244. whilst the B-form has instead a Gly in the same position 

Chymosm is furthermore featured by having two N-X-S glycosylation sites which however 
5 are poorly glycosylated The degree of glycosylation is shown to be less than 1%, when 
chymosm is produced in a bovine animal versus a degree of about 10% when produced 
by fermentation of a genetically modified Aspergillus mger var awamon 

All aspartic proteases consist of two similar domains packed in such a manner that a deep 
10 active site cleft is formed it appears that the amino acid Asp (nos 34 and 216, when ref- 
fenng to chymosm) are the main amino acids participating in the catalysis* but also Tyr75, 
situated on a loop, the so-called flap, seems to influence the activity of the enzymes 
(Gillilandetal, 1990) 

15 In the pnor art there are conflicting opinions on whether or not the glycosylation of het- 
erologous protetns improves the secretion of the protein from the host Although most 
pnor art may seem to link an improved secretion with a glycosylation of the protein (Berka 
et al , 1991), some authors state that the protein glycosylation may not be a prerequisite 
for obtaining an enhanced glycoprotein production and/or secretion from the host (Wallis 

20 et al 1999) 

According to current pnor art the basic glycosylation involves the attachment of oligosac- 
charides to Asn (Jenkins and Curling, 1984), Ser and Thr residues in the consensus se- 
quence Asn-X-Ser/Thr on the surface of the molecules The oligosaccharides attached to 

25 Asn residues are referred to as N-linked, whereas those attached to Ser and Thr are des- 
ignated as O-Iinked oligosacchaides The (SMinked glycans, which in general is to be un- 
derstood as monosacchandes linked together by glycosidic bonds, have in the present 
context a core region of two N-acetylglucosamme residues, which provide the linkage to 
the protein, joined with eight mannose residues From a review of protein secretion (Pe- 

30 berdy, 1 994) it appears that the O-knked glycosylation of a protein is essential for the se- 
cretion, whilst the NMinked oligosacchandes appears to be of importance when providing 
the protein with stability and resistance to environmental influence 

Thr at position 3 in the consensus sequence Asn-X-Ser/Thr seems to lead to an increased 
35 chance of glycosylation compared to Ser at this position (Jenkins and Curling, 1994) Fur- 
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thermore, several other factors may be important for the glycosylation, i e the posrtion 
(susceptibility) of the Asn in the three-dimensional structure and different production or* 
ganisms glycosylate differently (Harboe, 1 998) 

5 It appears from the prior art that it has been suggested to improve secretion of heterolo- 
gous proteins produced in filamentous fungi by means of en introduction of glycosylate 
sites By way of example Berka et al (1991) demonstrate in a study that the chymosin 
coding region was modified by introduction of a consensus AMmked N-X-S glycosylate 
site (Ser 74 -» Asn 74 , His 7e -> Ser 76 ) in a chymosin molecule that had a very low glycosyla- 

10 tton of the two potential glycosylate sites on chymosin and no fusion partner It was 
found that the production yields of extracellular chymosin were increased at least three- 
fold compared with the parental native chymosin having only two poorly glycosylated 
sites However, it furthermore appeared that the specific activity of the so-called gfyco- 
chymosm was reduced to about 20% relative to that of the native chymosin It is evident 

1 5 from the wording that the expenmental work was conducted in a laboratory scale and that 
the outcome was very low chymosin yields One conclusion from this work is that the yield 
was improved from low yield to still low yield of secreted chymosin 

As the specific activity additionally dropped significantly, it must be concluded that the 
20 non-conservative substitutions conducted by Berka, are to be accorded other effects on 
the enzyme activity and properties 

To date, improved glycosylation has not been publicly used and described to obtain com- 
mercial levels of protein production, assummgly because ft has been observed and estab- 
25 lished as an undisputed fact that increased enzyme production due to glycosylation was 
accompanied by severely decreased specific enzyme activity, making this a non-attractive 
production method 

Hitherto it appears from the pnor art that no method has been disclosed whereby the pro- 
30 duotion capacity of the enzyme activity is increased in this context by alteration of the gly- 
cosylation of aspartic protease such as e g chymosin without influencing the enzyme 
properties 
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SUMMARY OF THE INVENTION 

The problem to be solved by the present invention is to provide a method to get increased 
production yields of a recombinant produced aspartic protease, such as e g chymosm, 
5 Without substantially influencing the aspartic protease enzyme properties as such 

The solution is based on that the present inventors have identified that it has been found 
that the recombinant production capacity of an aspartic protease, such as e g chymosm, 
can be increased by an alteration of a specific glycosylate site More specifically, by in- 

10 corporating a new N-X-T glycosylation site into a polypeptide compnsing an aspartic pro- 
tease amino aad sequence In working example 1 herein a new N-X-T glycosylation site 
is incorporated into the active mature part of an aspartic protease and in working example 
3 a new N-X-T glycosylation site is incorporated into a linker sequence situated upstream 
of a pro-fragment of an aspartic protease Figure 1 , illustrates schematically these working 

1 5 examples In both cases the result was increased yields of the recombinanijy produced 
aspartic protease without significantly reducing the activity of the enzyme as compared to 
its native counterpart 

Without being limited to theory, it is believed that the fact that the N-X-T glycosylation site 
20 has been incorporated at very different places, both within and outside the mature part of 
the aspartic protease supports that the present inventors have identified a new general 
concept In other words the N-X-T glycosylation site may be incorporated at numerous 
different places and stiU give the desired increased yields 

25 The polypeptide compnsing an aspartic protease ammo acid sequence is encoded by a 
DNA sequence and (he DNA sequence has been modified to have a DNA sequence en- 
coding a N-X-T glycosylation site 

Accordingly, a first aspect of the invention relates to a process for obtaining an isolated 
30 polynucleotide sequence compnsing a DNA sequence encoding a polypeptide compnsing 
an aspartic protease amino aad sequence, wherein the process comprises the steps of 
modifying the polynucleotide sequence to encode an extra polypeptide N-X-T glycosyla- 
tion site in the aspartic protease amino aad sequence and isolating the modified polynu- 
cleotide sequence encoding a modified polypeptide 



35 
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The term "modifying the ONA sequence* denotes simply the actual work in order to 
change the specific sequence of the ONA to encode an extra polypeptide N-X-T glycosy- 
late site There are numerous different specific protocols for doing this and the skilled 
person is aware of choosing the most adequate one for his specific needs 

5 

The term "extra" denotes that the N-X-T glycosylate site is new (extra) as compared to 
before the DNA sequence was modified The term "an extra 0 should be interpreted as 
covering one or more extra glycosylate srte(s) in other words at least one extra glycosy- 
late site The term extra may also refer to a modified glycosylate site 

10 

The term "an aspartic protease amino acid sequence" denotes a sequence that is capable 
of being an active aspartic protease It may be a mature active aspartic protease amino 
acid sequence Alternatively, an aspartic protease amino acid sequence may be the ma- 
ture sequence plus a pro-sequence Such a sequence is not completely enzymatic active 

15 but capable of being converted into an active aspartic protease by autocatalytic removal 
of the pro-fragment (see above) Similarly, an aspartic protease amino acid sequence 
may be a sequence comprising a pre-sequence, pro-sequence, and the mature se- 
quence Further, within the term aspartic protease amino acid sequence is a sequence 
that may further compnse an artificial (inker sequence comprising a N-X-T glycosylate 

20 site The artificial linker sequence is a sequence that does not exhibit any enzymatic activ- 
ity in itself The artificial linker sequence should be situated in connection with a sequence 
that corresponds to an active element of an aspartic protease sequence An active ele- 
ment may be a pre-sequence, a pro-sequence or a mature sequence An example of an 
artificial linker sequence within "an aspartic protease ammo acid sequence" as defined 

25 herein is illustrated in figure 1 Here the artificial linker sequence is situated in connection 
with a pro-sequence An N-X-T glycosylate site of the artificial linker should preferably 
be situated within 100 amino acids (more preferably 60 amino acids, even more prefera- 
bly 35 amino acids, most preferably 15 ammo acids) of the most closely situated active 
element of an aspartic protease sequence The artificial linker sequence may be situated 

30 N-terminal of the mature sequence or C-temninal of the mature sequence 

The term " an isolated polynucleotide sequence " refers to a DNA sequence cloned in ac- 
cordance with standard cloning procedures used in genetic engineenng to relocate a 
segment of DNA from its natural location to a different site where it will be reproduced 
35 The cloning process involves excision and isolation of the desired DNA segment insertion 
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of the piece of DMA into the vector molecule and incorporation of the recombinant vector 
into a cell where multiple copies or clones of the DNA segment will be replicated The 
"isolated polynucleotide sequence ■ of the invention may alternatively be termed "cloned 
polynucleotide sequence" 

5 

The isolated polynucleotide sequence of the first aspect is a novel DNA sequence 

Accordingly, a second aspect of the invention relates to an isolated polynucleotide se- 
quence comprising a DNA sequence encoding a polypeptide comprising an aspartc pro- 
10 tease amino acid sequence, obtainable by a prooess for obtaining an isolated polynucleo- 
tide sequence as described herein 

An advantage of the incorporation of the extra polypeptide N-X-T glycosyiation site is that 
increased yield of recombinant^ produced asparbc protease may be obtained 



Consequently, in a third aspect the invention relates to a method of producing a polypep- 
tide exhibiting aspartc protease activity compnsing the steps of cultivating a host organ- 
ism compnsing an isolated polynucleotide sequence of the second aspect of the invention 
and isolating the produced polypeptide exhibiting aspartc protease activity 



The term "exhibiting aspartic protease activity" denotes an activity that substantially corre- 
sponds to the activity of a mature active aspartic protease An aspartic protease amino 
acid sequence wherein the pro-sequence is not cleaved off is not a polypeptide exhibiting 
aspartic protease activity 



As said above, an aspartic protease, such as a chymosm comprises two N-X-S glycosyia- 
tion sites and no N-X-T glycosyiation srtes 

Accordingly, in a fourth aspect the present invention relates to an isolated polypeptide ex- 
30 hibitmg aspartic protease activity comprising a N-X-T glycosyiation site 

As defined herein the term, "an isolated polypeptide" as used to desenbe the aspartic pro- 
tease of the Invention, is an aspartic protease or aspartic protease part that is substan- 
tially free from other non- aspartic protease polypeptides Preferably, it is at least 5% 
35 pure, preferably at least 20% pure, more preferably 50% pure, even more preferably 75% 
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pure, most preferably 90% pure, and even most preferably 95% pure, as determined by 
SDS-PAGE Further, "an isolated polypeptide" as used about the aspartic protease of the 
invention, is preferably an aspartic protease or aspartic protease part that is substantially 
free from homologous impurities. A heterologous recombinant production of an enzyme 
5 makes it is possible to make an isolated enzyme preparation, characterized in being free 
from homologous impuntes As used herein the term "homologous impurities'* means any 
impunty (e g another polypeptide than the enzyme of the invention), which originates 
from the homologous cell from which the enzyme of the invention is onginally obtained If 
the aspartic protease is e g a bovine chymosin the homologous cell may e g be a bovine 
10 cell Heterologous recombinant production using e g filamentous fungi as host organism 
would provide an isolated bovine chymosin polypeptide substantially free from homolo- 
gous impurities 

Finally, the present invenben relates to an isolated polypeptide exhibiting aspartic prote- 
15 ase activity wherein the polypeptide has been modified to comprise an extra N-X-T glyco- 
sylation site 

DETALED DISCLOSURE OF THE INVENTION 

20 The present invention provides in one aspect a method to achieve an enhanced amount 
of secreted heterologous proteins, in particular aspartic proteases, from eukaryotic hosts 
This improved yield of secreted protein has been surprisingly accomplished by modifying 
a polypeptide coding for an aspartic protease said polypeptide being modified so as to 
compnse at least one additional -N-X-T- glycosylatton site 



In one preferred embodiment, the polypeptide compnses an aspartic protease, which is a 
mammalian chymosin It is to be appreciated that the invention encompasses both natural 
mammalian chymosin or nature-identical chymosin and non-natural mammalian chy- 
mosin In the present context, the expression "non-natural mammalian chymosin" relates 

30 to a chymosin molecule, which not normally is found in nature Such a chymosin molecule 
may include a chimenc chymosin molecule, which is encoded and formed, by e g recom- 
binant DIMA techniques, from nucleic acids derived from organisms, which do not normally 
exchange genetic information, e g a ruminant species and a Camelidae species Addi- 
tionally, a non-natural mammalian chymosin may also include a chymosin molecule en- 

35 coded by a cluster or a shuffling of DMA segments of different ongin resulting in complex 
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rearrangements of the DNA Accordingly, in a further embodiment of the present invention 
the polypeptide may comprise a mammalian chymo9in molecule that is composed of at 
(east two different chymosin molecules derived from mammalian species, 

5 In preferred embodiments, the polypeptide comprises a mammalian chymosin molecule 
which is modified and denved from a mammalian species selected from the group consist- 
ing of a ruminant species, a Camehdaa species including Camelus drcmedanus, a por- 
cine species, an Eqwdae species and a primate species A ruminant species source ani- 
mal may be selected from bovine species, camel species, deer species, buffalo species, 
10 antelope species, giraffe species, ovine species and caprine species A particularly inter- 
esting source animal ts Came/us drcmedanus 

The person skilled in the art will readily appreciate that any polypeptide comprising pre- 
prochymosin, prochymosin or chymosin will be useful in the present invention When pro- 

15 duced in the stomach tissues cells chymosin occurs as an enzymatically inactive pro- 
enzyme, which is designated pre-prochymosin When chymosin is excreted, an N-terminal 
fragment is cleaved off to give prochymosin including a pro-fragment Prochymosin is es- 
sentially inactive form of the enzyme, which, however, under acidic conditions becomes 
activated to the active chymosin molecule by removal of the pro-fragment Thus, in pre- 

20 ferred embodiments, the polypeptide compnses a chymosin, which is selected from the 
group consisting of pre-prochymosin, prochymosin and chymosin 

Another suitable aspartic protease is Pepsin (EC 3 4 23 1) At the filing date of the present 
invention the SWISS-PROT database compnsed following entries to sequences of suit* 
25 able pepsins 

(Pnmary accession number, Entry name) 



P03954, PEP1_MACFU. P28712, PEP1_RABIT. P27677. PEP2JWACFU, 
P27821 , PEP2_RABIT, P27822, PEP3JRABIT, P27678. PEP4JWACFU, 
30 P28713. PEP4_RABIT, P00792. PEPA_BOVIN. Q9N2D4. PEPA_CAUA; 
P00793, PEPA_CHICK, P00790, PEPA_HUMAN, P11489, PEPAJVtACMU. 
P00791, PEPA_P1G, PB1497 PEPA^SUNMU, P13636. PEPAJJRSTH, 
P27823, PEPF_RABIT 
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As for chymosin. a preferred pepsin is a pepsin derived from the group consisting of rumi- 
nant species See above for preferred specific species that corresponds to the preferred 
ones for chymosin 

5 In accordance with the present invention the glycosylated aspartic protease has at least 
one -N-X-T- glycosylation site For the purposes of this application, the expression "-N-X- 
T- glycosylation site" relates to a glycosylation site in the aspartic protease, where "N" 
designates the amino aad asparagme (Asn), "X" any kind of ammo acid and T" desig- 
nates the amino acid threonine (Thr) In a preferred embodiment, the polypeptide is modi- 
10 fied so as to comprise at least one N-glycosylation site, i e the oligosacchandes is at- 
tached to an Asn residue 

In the present context, the term "modified so as to compnse at least one -N-X-T- glycosy- 
lation site" is to be construed to compnse. relative to the native or parent polypeptide from 

15 which the polypeptide according to the invention is denved, any modification of the 
codons in the nuceic acid sequence coding for an aspartic protease which results in at 
least one additional-N-X-T- glycosylation site It is thus prescnbed In the present invention 
to insert or modify such recognition or glycosylation site in the sequence of the native or 
parent aspartic protease Any such modification or any change of the codon usage may 

20 be based on recombinant DNA-technology using e g two approaches According to a first 
approach the alteration of me codon usage is restncted to certain stretches of the coding 
sequence (pnmanly based on oligonucleotide design and PGR) and another approach 
wherein the entire coding sequence becomes optimised (pnmanty based on an assembly 
of designed oligonucleotides representing the entire coding sequence) The skilled artisan 

25 will readily appreciate that further approaches for obtaining such a modification are known 
in the art and can be used as compnsed by the present invention 

Dunng the expenmentatlon leading to the highly unexpected finding that an aspartic pro- 
tease, such as e g chymosin, which is modified so as to comprise at least one additional 

30 N-X-T glycosylation site, i e a glycosylated asparte protease variant, secreted in signifi- 
cantly higher yields of enzyme activity such as e g milk clotting activity relative to an un- 
modified or parent aspartic protease having the same number of glycosylation sites on the 
chymosin part and/or one additional glycosylation site on the linker region when ex- 
pressed in the same host cell and under essentially identical conditions Thus, in one pre- 

35 ferred embodiment of the present invention, the polypeptide is one wherein the at least 
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one -N-X-T- glycosylation site is provided by modifying one or more codons in a nucleic 
acid sequence coding for a naturally produced chymosm molecule 

In useful embodiments, the nucleic acid sequence coding for a naturally produced chy- 
5 mosm molecule is selected from the group consisting of a wild-type nucleic acid sequence 
and a nucleic acid sequence which is derived from a wild-type nucleic acid sequence by 
silently modifying at least one codon 

When producing aspartic proteases by recombinant means it Is desirable that the pro- 
10 duced heterologous proteins exhibits substantially the same functionality which preferably 
may be improved compared to the native or parent protein from which the recombinant 
aspartic protease is derivable It is thus an important feature of the present invention that 
the polypeptide composing the glycosylated aspartic protease has substantially the same 
functionality as the parent aspartic protease In the present context, the expression r, sub- 
15 stantially the same functionality 11 indicates that although the resulting polypeptide compris- 
ing the aspartic protease differs from the aspartic protease from which it is denved by one 
or more amino acids, the glycosylated aspartic protease vanant is a functional analogue 
of the parent aspartic protease from which it is denved and thus possesses substantially 
the same enzymatic activity either before or after a deglycosylation treatment as dls- 
20 cussed below 

Thus, dunng their expenments. the inventors of the present invention unoovered srtes in 
the aspartic protease molecule suitable for introducing one or more glycosylation sites 

25 As shown in the Examples below, the inventors found the yield of the heterologous pro- 
duced aspartic protease to be especially effective when a glycosylation site was modified 
at a specific position of the aspartic protease such as e g a chymosm molecule In a pre- 
ferred embodiment, the polypeptide is one wherein the at least one -N-X-T- glycosylation 
site is introduced at position 291-293 of the native or parent chymosln molecule according 

30 to the chymosm numbenng descnbed in Gllhland (1990) In a further embodiment, the 
polypeptide is one wherein the nucleic acid sequence coding for the naturally produced 
chymosm is modified by substituting 5** with T creating a NXT glycosylation site 
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According to the present invention the parent polypeptide compnsing an aspartic protease 
may be any polypeptide which may prove to be useful in a widespread applications, such 
as e g within the food or medical industry 

5 The expression "parent polypeptide compnsing an aspartic protease* in the present con- 
text shall include any polypeptide coding for an asparbc protease, such as wild-type as- 
partic protease or a vanant thereof, which are substantially functional and/or structural, 
identical to the aspartic protease encoded by the polypeptide 

10 it is generally known in the ait that expressing the gene product in the form of a fusion 
protein can enhance expression and secretion of a heterologous gene product In this 
context, the term "fusion protein 1 * denotes a chimenc protein comprising as one part an 
aspartic protease amino acid sequence such as e g pre-prochymosin. prochymosin, arti- 
ficial Itnker-prochymosin, or chymosin or at least a milk coagulation active part hereof, and 

15 as a second part a fusion partner The term "aspartic protease amino acid sequence" is 
descnbed above and the term fusion partner is in this context to be understood as any 
polypeptide to which the aspartic protease ammo acid sequence is being fused. Accord- 
ingly, in one embodiment of the invention, the gene product compnses a fusion protein 
Useful fusion partners may be a secreted fungal carrier such as one selected from the 

20 group consisting of glucoamylase, alpha-amylase, cellobiohydrolase and a part or frag- 
ment thereof. In one specific embodiment, the polypeptide compnses a fusion protein, 
which consists of glucoamylase and pro-chymosin Figure 1 illustrates schematically a 
fusion protein compnsing glucoamylasa as fusion partner The fusion partner may be situ- 
ated N-terminal of the mature sequence or C-terminal of the mature sequence 



The term "aspartic protease amino aad sequence* is preferably not including the se- 
quence of the fusion partner 

The inventors of the present invention found increased production yields when producing 
30 a nature-like aspartic protease, under certain circumstances viz by introduction of an arti- 
ficial linker-sequence between the nucleotide sequence encoding the earner molecule e g 
glucoamylase, and by using the nucleotide sequence coding for the aspartic protease of 
interest An example of such a linker is shown in the below Examples, where said linker 
contains an additional -N-X-T- glycosytation site. In this way, it was found that the fusion 
35 aspartic protease is more heavily glycosylated and thus will be produced and secreted at 
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higher levels by the host relative to a espartic protease produced without a linker between 
nucleotide sequence coding for the fusion partner and the aspartic protease Furthermore, 
the fusion aspartic protease is fully identical to the natural aspartic protease. The aspartic 
protease of interest is released specifically from the fusion partner by a determined cleav- 

5 age, which takes place dunng the secretion or while in the culture medium This specific 
cleavage must occur at the C-termina) of the linker sequence to obtain a nature identical 
aspartic protease Accordingly, in a useful embodiment, the polypeptide comprises a fu- 
sion aspartic protease where glucoamyiase and aspartic protease are separated by an 
artificial linker, said linker comprises preferable a glycosylation site such as a -N-X-T- 

10 glycosylation site 

As mentioned above, the present invention is particularly suitable for the provision of an 
improvement of the glycosylation of heterologously produced proteins or of their fusion 
partners, such as e g aspartic proteases in order to increase the production of said aspar- 

15 be protease In preferred embodiments, the polypeptide comprising an aspartic protease 
according to the invention is, when it is expressed in a filamentous fungus, at least 10% 
glycosylated, such as at least 20%, e g at least 30% including at least 40% such as at 
least 50%, e g at least 60% including at least 70%, such as at least 80%, e g at least 
90% or even 100% glycosylated relative to polypeptide compnsing an aspartic protease 

20 which is not modified so as to compnse at least one -N-X-T-glycosylation site In further 
embodiments, the polypeptide compnsing an aspartic protease according to the invention 
is. when it is expressed In Aspergillus ntger var awamon, at least 10% glycosylated, such 
as at least 20%, e g at least 30% Including at least 40% such as at least 50%, e,g at 
least 60% including at least 70%, such as at least 80%, e g at least 90% or even 100% 

25 glycosylated relative to polypeptide compnsing an aspartic protease which is not modified 
so as to compnse at least one -N-X-T-glycosylation site 

It is generally known in the art that the glycosylation of polypeptides, when these are het- 
erologous expressed by an eukaryotic host, may have a reduced enzymatic activity com- 

30 pared to the pertinent natural polypeptide It has been found (Berka et al 1991) that the 
enzymatic activity of aspartic proteases of microbial ongin that are glycosylated upon ex- 
pression may be enhanced by subjecting the proteases to a deglycosylating treatment 
that at least partially removes the sugar moieties attached to the proteases Such a degly- 
cosylation treatment may e g compnse treating the glycosylated protease with an enzyme 

35 having a deglycosylating activity Examples of enzymes having a deglycosylaton activity 
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comprise PNGase and endo-p-N«acetytglucosamimdase (EC 3.2 1 96) (Endo-H) Alterna- 
tively, the deglycosylation may be accomplished by subjecting the glycosylated proteases 
to a chemical treatment, such as e,g treatment with penodate 

5 In a specific embodiment the polypeptide compnsing an aspartic protease has a milk- 
dotting activity of which is, relative to the glycosylated polypeptide, increased by at least 
20%, e g at least 30% including at teast 40% such as at least 50%, e g at least 60% in- 
cluding at least 70%, such as at least 80% when subjecting it to a deglycosylation treat- 
ment 

10 

It is furthermore contemplated by the present invention that deglycosylation of an ex- 
pressed aspartic protease may be obtained in a more direct manner by providing a host 
cell that in addition to the aspartic protease also expresses a deglycosylatmg enzyme 
such as e g Endo-H, which implies that the initially glycosylated aspartic protease is de- 
15 glycosylated either intracellulariy or following secretion 

As mentioned above, one major objective of the present invention is to provide a method 
for improving the production and/or secretion of aspartic proteases tn host organisms in- 
cluding filamentous fungi Accordingly, in a further aspect there is provided a method of 
20 producing an isolated polypeptide exhibiting aspartic protease activity compnsing the 
steps of cultivating a host organism comprising an isolated polynucleotide sequence of 
the second aspect of the invention and isolating the produced polypeptide exhibiting as- 
partic protease activity 

25 In an initial step of this method, a nucleic acid sequence, i e a polynucleotide that codes 
for an aspartic protease including pre-prochymosin, prochymosin or chymosm modified as 
defined above is provided The skilled artisan will appreciate that several approaches for 
providing a parent sequence for such a modified sequence can be used including one 
based on the isolation of mRNA from mucosal cells of the selected source animal species 

30 and using this RN A as template in a nucleotide amplification procedure such as a PGR 
reaction using suitable sense and anti-sense primers which e g may be constructed syn- 
thetically based on the known sequences for selected species The person of skill in the 
art will appreciate that other methods for obtaining a parent coding sequence which can 
be modified according to the invention may be used such as hybndisation procedures us- 

35 ing as probes fragments of known coding sequences for the aspartic protease that will 
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permit the presence of homologous DNA or RNA to be detected in preparations of cells of 
the selected source species Alternatively, it is possible to construct a parent coding se- 
quence based on the isolation of the aspartic protease including pre-prochymosin, pro- 
chymosm or chymosin followed by determining the ammo acid sequence of the enzyme or 
5 fragments hereof which in turn permits the construction of pnmer oligonucleotides for de- 
tection and construction of coding sequences The basic techniques that are required in 
the above procedures of obtaining coding sequences are generally within the common 
knowledge of the skilled artisan (Sambrook et al , 19B9) 

10 Having isolated or constructed the parent sequence coding for the aspartic protease in- 
cluding pre-prochymosin, prachymosm or chymosin and subsequently modified said cod- 
ing sequence so as to comprise at least one ~N-X-T-glycosy]atton site as defined above, 
an expression vector may be constructed that comprises the coding sequence according 
to the invention and, operably linked thereto, appropnate expression signals, i e se- 

1 5 quences to control or regulate the expression, permitting the aspartic protease to be ex- 
pressed in a selected host cell A suitable expression vector may comprise one or more 
expression signals such as promoter sequences, operators, nbosome binding srtes ( trans- 
lation initiation sites and/or sequences coding for repressor or activator substances To 
permit the secretion of the expressed polypeptide, a signal sequence may be inserted tip- 

20 stream of the coding sequence for the aspartic protease or the expressed polypeptide 
may be fused to a naturally secreted endogenous polypeptide In the present context, the 
term "expression signal" includes any of the above control sequences, repressor or acti- 
vator substances and signal sequences For expression under the direction of control se- 
quences, the coding sequence is operably linked to the control sequences in proper man- 

25 ner with respect to expression 

In accordance with the invention, an expression vector carrying the coding sequence or 
polypeptide coding for the aspartic protease as defined above can be any vector that is 
capable of expressing the coding sequence in the selected host organism, and the choice 
30 of vector type will depend on the host cell into which it is to be introduced THus, the vec- 
tor may be an autonomously replicating vector, i e a vector that exists as an extrachro- 
mosomal entity, the replication of which is independent of chromosomal replication in the 
host cells, e g a plasmid, a viral vector, a minichnomosome or an artificial chromosome 
Alternatively, the vector may be a vector which, when introduced into a host cell, is inte- 
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grated into the host cell genome and replicated with the chromosome, including a trans- 
pose b!e element 

In the vector, the polypeptide coding for the asparbc protease is operabiy combined with a 
5 suitable promoter sequence The promoter may be any DNA sequence, which confers 
transcriptional activity to the host organism of choice and may be derived from genes en- 
coding proteins, which are either homologous or heterologous to the host organism 

For transcription in a fungal species, examples of useful promoters are those derived from 
10 the genes encoding the Ptchm pastans alcohol oxidase, Aspergillus o/yzae TAKA amy- 
lase, Rhizomucor miehei aspartic proteinase, Aspergillus ruger neutral a-amylase, Asper- 
gillus ntger aad stable a-amylase, A niger glucoamylase. Rhizomucor miehei lipase, As- 
pergillus oryzae alkaline protease, Aspergillus o/yzae tnose phosphate isomerase or As- 
pergillus ntdulans acetarmdase and a Tnchoderma reseei chb! promoter As examples of 
15 suitable promoters for expression in a yeast species the Gal 1 and Gal 10 promoters of 
Saccharomyces cerevistae can be mentioned 

The vector compnsing the DNA fragment encoding the aspartic protease polypeptide may 
also compnse a selectable marker, e g a gene the product of which complements a de- 
20 fed in the host organism such as a mutation confemng an auxotrophic phenotype, or the 
marker may be one which confers antibiotic resistance or resistance to heavy metal ions 

In one specific embodiment, the expression vector is derived from pGAMpR as descnbed 
in Ward et al , 1990 by substituting the coding sequence of that vector for bovine prochy- 
25 mosm with a coding sequence for the aspartic protease as defied above An example of 
such a pGAMpR-dertved expression vector is pGAMpR-C deposited in an Aspergillus ni- 
ger var awamorf host environment under the accession Nos CBS 108915 and CBS 
108916, respectively 

30 In a subsequent step of the method a surtable host cell is transformed with the expression 
vector The host cell may be transformed with an autonomously replicating vector or a 
vector that permits that the polypeptide becomes integrated into the host cell chromo- 
some Such integration is generally considered to be advantageous as the polypeptide is 
more likely to be stably maintained in the cell Integration of the polypeptide into the host 
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chromosome may be earned out according to conventional methods such as e g by ho- 
mologous or heterologous recombination or by means of a transposable element 

In accordance with the invention, the host organism may be a cell of a higher organism 
5 such as an animal cell, including a mammal, an avian or an insect cell, or a plant cell In 
useful embodiments the host organism may be a yeast species or a filamentous fungus 
species 

A suitable yeast host organism may advantageously be selected from a species of Sao 
1 0 charomyces including Saccharomyces cerev?s/ae or a species belonging to Schtzosac- 
chammyces Further useful yeast host organisms include Pichta spp. such as methylotro- 
phic species hereof, including Pichm pastans, and Klyuvervmyces spp including 
Ktyueromyces lacbs 

15 In a preferred embodiment, the host cell is a filamentous fungal ceD "Filamentous fungf 
includes all filamentous forms of the subdivision Eumycota and Oomycota (as defined by 
Hawksworth et al . 1 995, supra) The filamentous fungi are characterized by a vegetative 
mycelium composed of chitin, cellulose, glucan. chrtosan, mannan. and other complex 
polysacchandes Vegetabve growth is by hyphal elongation and carbon catabolism is ob- 

20 ligately aerobic In contrast, vegetative growth by yeasts such as Saccharomyces cere- 
visjae is by budding of a unicellular thallus and carbon catabolism may be fermentative In 
a more preferred embodiment, the filamentous fungal host cell is a cell of a species of, but 
not limited to, Acramonium % Aspergillus, Fusanum. Humicola, Mucor, Myceliophthora, 
Neurospora, Pemcilltum, Thielavia, Totypocladium, and Tnchodemta or a teleomorph or 

25 synonym thereof In an even more preferred embodiment, the filamentous fungal host cell 
is an Aspergillus cell In another still more preferred embodiment, the filamentous fungal 
host cell is an Aotemoniurn cell In another even more preferred embodiment, the filamen- 
tous fungal host cell is a Fusanum cell In another even more preferred embodiment, the 
filamentous fungal host cell is a Humicola cell In another even more preferred embodi- 

30 ment, the filamentous fungal host cell is a Mucor cell. In another even more preferred em- 
bodiment, the filamentous fungaf host cell is a Myceliophthora cell In another even more 
preferred embodiment, the filamentous fungal host cell is a Neurospora cell In another 
even more preferred embodiment, the filamentous fungal host cell is a Pen/ctllium cell In 
another even more preferred embodiment, the filamentous fungal host cell is a Jhielavta 

35 cell In another even worn preferred embodiment, the filamentous fungal host cell is a 
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Tclypocladium cell In another even more preferred embodiment, the filamentous fungal 
host call is a Tnchoderma cell In a most preferred embodiment the filamentous fungal 
host cell is an Aspergillus a wamon. Aspergillus fbetidus, Aspergillus nidulans, Aspergillus 
japon/cus, Aspergillus n/ger (including Aspergillus ntgar var awarnori) or Aspergillus 

S oryzBB call In another most preferred embodiment, the filamentous fungal host cell is a 
Fusanum cell of the section Discolor (also known as the section Fusarfum) In another pre- 
ferred embodiment, the filamentous fungal parent cell is a Fusanum strain of the section 
Begans, e g , Fusanum oxysporum In another most preferred embodiment, the filamen- 
tous fungal host cell is a Humicota msotens or Thermomyces lanuginosa cell In another 

10 most preferred embodiment, the filamentous fungal host cell is a Rhizomucor miehei cell 
In another most preferred embodiment, the filamentous fungal host cell is a My- 
celiophthora thermophrium cell In another most preferred embodiment, the filamentous 
fungal host cell is a Neumspora crassa cell In another most preferred embodiment, the 
filamentous fungal host cell is a Penicilltum purpurogenum cell In another most preferred 

15 embodiment, the filamentous fungal host cell is a Ttuelavta terrestns cell In another most 
preferred embodiment the Tnchoderma cell is a Tnchoderma hantianum, Tnchoderma 
reseei 9 Tnchoderma konmgn. Tnchoderma longibrachtatum, Tnchoderma reesei or 
Tnchoderma vrnde cell 

20 Some of the above useful host organisms, such as fungal species, may be transformed by 
a process which involves protoplast formation and transformation of the protoplasts fol- 
lowed by regeneration of the cell wall in a manner known by a person of skill 

In subsequent steps the thus transformed host cell is cultivated under conditions where 
25 the polypeptide is expressed, and the aspartic protease is harvested The medium used to 
cultivate the transformed host cells may be any conventional medium suitable for growing 
the host cells in question and obtaining expression of the polypeptide Suitable media are 
available from commercial suppliers or can be prepared according to published recipes 

30 The resulting aspartic protease is typically recovered from the cultivation medium by con- 
ventional procedures including separating the host cells from the medium by centrrfuga- 
tion or filtration, if necessary, after disruption of the cells, followed by precipitating the pro- 
temaceous components of the supernatant or filtrate e g by adding a salt such as ammo- 
nium sulphate, followed by a purification step. Alternatively, the cell-free cultivation me- 
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dium may also, optionally after concentrating or diluting it or addition of conventional addi- 
tives, be used directly as a coagulant product for cheese manufactunng. 

(n accordance with the invention, the above method is preferably a method wherein the 
S yield of aspartic protease is at least 2%, 5%, 10% v 25%, 50%, 100% or 200% higher than 
the yield of a non-modified polypeptide compnsing an aspartic protease obtained when, 
under identical production conditions, using the same host As mentioned above, the as- 
partic protease is preferable a mammalian chymosin, such as pre-prochymosm, pro thy- 
mosin or chymosin 

10 

In a further preferred embodiment, the method is one wherein the yield of chymosin milk- 
clotbng activity in terms of arbitrary units of cultivation medium is increased by at least 
25% relative to the yield obtained using, under identical cultivation conditions, a produc- 
tion strain that is identical to that of the transformed host organism except that it ex- 
15 presses a polypeptide compnsing a mammalian chymosin molecule that has not been 
modified to compnse at least one -N-X-T- glycosylafaon site However, the yield of chy- 
mosin milk-clotting activity in terms of arbitrary units of cultivation medium is preferable 
increased by at least 50%, such as at least 75% including at least 100% 

20 In a stall further aspect there ts provided a milk clotting composition compnsing the poly- 
peptide comprising an aspartic protease including a mammalian chymosin as defined 
herein and a pepsin end produced by the above method including such a prochymosm or 
chymosin that is in a substantially deglycosylated form Such a composition may, in addi- 
tion to the active milk-clotting enzyme, compnse additives that are conventionally used in 

25 rennets of animal ongin such as eg NaCI 

The recombinant milk clotting composition as provided herein is useful as a milk coagu- 
lant product Accordingly, an important objective of the invention ts to provide a method of 
manufacturing cheese, compnsing adding a milk clotting effective amount of the above 
30 composition to milk and carrying out appropnate further cheese manufactunng steps. The 
polypeptide comprising a mammalian chymosin of the invention is suitable for cheese 
manufactunng processes wherein the milk is selected from cow's milk, camel milk, buffalo 
milk, goafs milk and sheep's milk 
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In useful embodiments, the milk clotting composition containing the polypeptide comprises 
on the one hand a mammalian thymosin as defined above and on the other hand at least 
one further milk clotting enzyme The at least two milk clotting enzymes included m said 
composition will also in useful embodiments of the invention have a milk clotting activity 
5 ratio, which lis within a range of 1 99 to 99 1 , in addition to being characterized by the 
finding that at least 2% of its milk clotting activity onginates from the mammalian chymosm 
as defined above such as e g at least 5%, 10%, 20%. 50%, 75, 90 or 98% of the activity 

In a preferred embodiment, the composition according to the invention is capable of re- 
1 0 tairung at least 50% of its initial milk clotting activity at a temperature of -20°C or higher for 
1 week or more. It is. however, m further embodiments preferred that the composition re- 
tains at least 60% of its initial metabolic activity, e g at least 70% including at least 80% 
such as at least 90% of its initial metabolic activity 

15 There is also provided a method of manufacturing cheese from milk including cow's milk, 
composing adding a milk clotting effective amount of the polypeptide as defined herein or 
of the above composition and carrying out appropnate further cheese manufacturing 
steps 

20 As described above it is believed that the present inventors have identified a novel con- 
cept to improve production of aspartc protease Without being limited to theory, It is be- 
lieved that the disclosed concept could also be used on other enzymes Accordingly, the 
term "aspartrc protease" as descnbed herein in relation to aspects and preferred embodi- 
ments of the invention may be any enzyme in general Preferred enzymes are a lipase, an 

25 amylase, a phosphohpase, a subtilisin protease, or a cellulase 

The invention will now be explained in further details in the following examples and the 
drawings wherein 

30 Fig 1 A schematically illustration of a fusion protein compnsing a fusion partner and an 
aspartic protease ammo aad sequence The esparbc protease amino acid sequence 
compnses an artificial linker 

Fig 2 shows the nucleotide sequence of modB-XS (modified Sall/Xbal fragment) with a 
35 number of unique restnction sites See example 1 
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Rg 3 Synthetic DNA fragments further described in example 1 
EXAMPLES 
5 EXAMPLE 1 

Construction of a novel plasm id encoding bovine chymosln B with an 
optimised glycosylation site 

10 1 1 Introduction 

In one currently used method of producing bovine chymosin recombinantly in an Aspergil- 
lus host strain, chymosin 8 is produced as a fusion protein between Aspergillus glucoa- 
mytase and prochymosin B (Ward et al 1990). For this purpose the gene sequences en- 
1 5 coding Aspergillus glucoamylase and prochymosin B were fused 

In this example the prochymosin B gene sequence is replaced by a new, synthetic chy- 
mosin B gene that compnses one optimised N-glycosylation site The new gene was 
called chymosin modBM In order to construct the chymosin modBM gene a synthetic 
20 gene was designed encoding the chymosin modBM gene As a control a synthetic gene 
was designed encoding the native chymosin B gene Both synthetic genes had a codon 
usage optimised for expression in Aspergillus and were expressed as fusion proteins with 
glucoamylase 

25 1 2 Matenals and methods 

1 2 1 Construction of a modified chymosin B encoding gene 

A synthetic DNA fragment of 1138 bp was designed and designated modB-XS (figure 2) 
30 Fragment modB-XS compnses a unique Sell and Xhof site for cloning purposes This 
fragment compnses the information for prochymosin B The prochymosin B encoding part 
of modB-XS is designated chymosin modB A second synthetic fragment was designed 
and designated modBM— XS ModBM-XS is identical to modB-XS, except for the intro- 
duction of one additional glycosylation site (S293T, resulting in a N-H-T glycosylation 



35 site) 
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122 Construction ofptasnvds encoding bovine chymosin 8 

Five synthetic DNA fragments were made, using synthetic oligonucleotides The process 
of combineing oligonucleotides into a larger DNA fragment by annealing is well known by 
5 the skilled artisan 

The five fragments obtained were (see figure 3) 

(i) a 410 bp Sail-Sphll I fragment (SEQ ID XXX-1) 
(11} a 220 bp SphhBsrGI fragment (SEQ ID XXX-2) 
(in) a 190 bp BsrGf-Kpnl fragment (SEQ ID XXX-3) 
10 (iv) a 320 bp Kpnl-Xbal fragment (SEQ ID XXX-4) 

For construction of the modBM gene a modified Kpnl-Xbal fragment was designed (SEQ 
IDXXX-5) 

1 5 All sub fragments were cloned in vector pCRII-TOPO (Invitrogen) according to the instruc- 
tions supplied by the manufacturer 

For combining the sub-fragments, a vector was created with an optimized polylinker (Sa//~ 
Spht-BsrGI-Kpnl-Xbal) Forthis purpose a synthetic polylinker (SEQ ID XXX-6) was de- 
20 signed and cloned into the pCRII-TOPO vector Later the polylinker fragment was inserted 
in the BssHI sites of plasmid pBIuescnpt SK II, resulting in pSK-MCS 

The above subfragments were isolated from the pCRII-Topo vectors and sequentially 
doned into pSK-MCS The final vectors were designated respectively pSKMCS-Sai-Xba- 
25 B (chymosin B) and pSKMCS-Sal-Xba-BM (chymosin BM) 

The expression cassette from pGAMpR (Ward etal 1990) was isolated as a Spel-Xbal 
fragment The 5a// site of pBIuescnpt SKII+- was deleted, resulting in pSK-Sal- The ex- 
pression cassette was cloned into the Spet-Xbal sites from pSK-Sall, reuslting in plasmid 
30 pSK-Sal-GlaChy The Sati-Xbal fragments of pSKMCS-Sal-Xba-B and pSKMCS-Sal-Xba- 
BM, respectively, were used to replace the Salt-Xba! fragment in pSK-Sal-GlaChy, result- 
ing in plasmids pSKModChymB and pSKModChymBM, respectively 

The Spef-Xbal fragments of the pSKModChyrn constructs were used to replace the Spef- 
35 Xbal fragments in pGAMpR, resulting in pGAMmodB and pGAMmodBM, respectively 
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Thus, the pGAMmodB and pGAMmodBM constructs compnse a gene encoding native 
chymosin and a modified chymosm (S293T), respectively 

EXAMPLE 2 

5 

Production of chymosin using an Aspergillus ntger var. awamori strain transformed 
with pGAMmodBM 

2 1 Introduction 

10 

To investigate the effect of improved glycosylate on chymosin production in fungi, As- 
pergillus was transformed with the new expression plasmtd pGAMmodBM As a control, 
transfoimants were generated with pGAMmodB as wall 

15 2 2 Transfo rmation of the Aspararilus ruaer var awamon strain with pGAMmodBM and 
pGAMmodB 

A derivative of Aspergillus rugar var awamon, strain GCI-HF1~2dgr246, was used as re- 
cipient Strain GCI-HF1-2dgr246 compnses several copies of the pGAMpR plasmid A de- 
20 nvative strain, dgr246pyrG (Ward et al 1990) was made by cunng all copies of pGAMpR 
by means of selecting for a pyrG phenotype, rendering the strain incapable of growing in 
the absence of undine 

The dgr246pyrG strain was deposited under the Budapest Treaty with the Centraalbureau 
25 voor Schimmelcultures (CBS), Oosterstraat 1,PO Box 273, 3740 AG Baarn, The Nether- 
lands, on 13 June 2000 under the accession No CBS 108914 

221 Propagation of fungal biomass 

30 50 ml of CSL medium [per litre com steep liquor, 100 g, NaH 2 P0 4 2H 2 0, 1 g, MgSO*. 0 5 
g, Mazu antrfoammg agent 2g, maltose, 100 g, glucose, 10 g, fructose, 50 g, water 736 5 
g] was added to a stente 250 ml flask, 0 5 ml penicillin/streptomycin supplement (Gibco- 
BRL #15140-114)] was added and tha medium inoculated with 10° spores per ml. The 
inoculated medium was cultivated overnight at 34-37°C at 200-250 rpm to obtain a dense 

35 suspension of mycelium 10 ml of this pne-culture was transferred to 100 ml complete As- 
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pergittus medium in a 500 ml flask without baffles and incubated overnight at a tempera- 
ture of 34-37°C at 200*250 rpm to obtain a mycelial biomass 

5 222 Generation of protoplasts 

Mycelium as obtained in the above step was filtered over stenle myracloth, washed with 
stenle water and subsequently washed with 1700 mOsmol NaCI/CaCI 2 (0.27 M CaCI 2 2 
H^O, 39 7 g/l t 0 58 M NaCI, 33 9 g/l), gently squeezed dry and transferred to a Falcon 
1 0 tube to determine the weight and kept on ice 

20 ml 1700 mOsmol NaCI/CaCl 2 per g mycelium was added in order to nesuspend the 
mycelium followed by adding 50 mg Sigma L-1412 Tnchoderma harsanum Lytic Enzyme 
per g mycelium dissolved in a small volume of 1700 mOsmol Nad/Cad*, and incubated 
15 in an Erlenmeyer flask at 1 00 rpm, 37°C for about 4 hrs dunng which penod the mycelium 
was repeatedly resuspended every 30 minutes 

After thorough protoplastmg was obtained, i e many free protoplasts occur and with 
hardly any intact mycelium left the mixture was filtered on ice, using Mesh sheet or myra- 

20 cloth and an equal volume of ice cold STC1700 (1 2 M sorbitol, 218 g/l, 35 mM NaCI, 2 04 
g/l, 10 mM Tns HCI pH 7 5 and 50 mM CaCI 2 2 H 2 O f 7 35 g/l) was added The number of 
protoplasts was counted using a glass BOrger-TOrk chamber The protoplast suspension 
was spun using a bench top centrifuge at 2.000 rpm at 4°C The resulting pellet was re- 
suspended very gently in 20 ml ice cold STC1700. This washing procedure was repeated 

25 twice and the final pellet was resuspended in ice cold STC1700 to a final concentration of 
about 1 x 10 s protoplasts per ml followed by adjustment to 1 x 10 8 protoplasts per ml 

2.2.3 Transformation 

30 200 pi 2x1 0 7 protoplasts, 2 pi of 0.5 M ATA (0 5 M aunne carboxyfic acid (Sigma) in 20% 
ethanol) and DNA (compnsing a marfcer) up till 15 ph typically 5-10 pg of DNA, were 
mixed in a 12 ml test tube As control a corresponding mixture, but without DNA was 
used The transformation mixtures were incubated on ice for 25 minutes followed by add- 
ing a first drop of 250 pi PTC (60% PEG 4000, 10 mM Tns HCI pH 7 6, 50 mM CaCW by 

35 tipping the tube several times wrthout allowing the mixture touch the lid and subsequently 
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a second drop of 250 pi of PTC was added, mixed and 850 pi was added followed by mix- 
ing Each tube was incubated at room temperature exactly 20 minutes followed by filling 
the tubes with chilled STC1700 and mixing the suspension by reverting the tubes The 
mixture was centnfuged for 6*10 mm using a bench top centrifuge at 2000 rpm at 4°C 
5 The resulting pellet was dissolved gently in about 400-800 pi STC1700 

2 2 4 Regeneration and selection oftransformants 

The transformation mixture was spread onto solid selective regeneration medium plates 
10 containing per litre medium* agar, 15 g, sorbitol, 218 g, AspA salts 50x (per litre 300 g 
NaNOa, 26 g KCl v 76 g KH2PO4, 18 ml 10 M KOH, pH about 6 5), glucose 50%, 20 ml, 
Gibco-BRL #15140-114 Pen-Strep, 10 ml, MgSO^, 2 ml. trace elements (2 2 g ZnS0 4 . 1 1 
g HaBO* 0.5 g MnCI 2 7H a Q, 0 5 g FeSO* 7H 2 O f 0 17 g CoCfe 6H z O, 0 16 CuS0 4 5H 2 0. 
0 1 5 NaMoO* 2H 2 0, 5 g EDTA, water to 100 ml, pH 6 5), 1 ml The plates were incubated 
1 5 at 37 9 C for 5-1 0 days and transf ormants selected 

2 3 Small scale shake flask production of chvmosin using Aspergillus n/oer var avjamon 
transformed with oGAMmodBM 

20 75 of the above transformers were selected As controls the above described slram 
CBS108914, which does not produce thymosin, and the Aspergillus ruger var awaman 
thymosin production strain dgr246chlor25 (Dunn-Coleman et at 1991) was used which in 
the following also is referred to as PIM1149 

25 An appropriate amount of the transformants and the control strains were used for inocula- 
tion of 20 ml CSL medium [per litre com steep liquor, 100 g„ NaH 2 P0 4 2H3A 1g. MgSO*. 
0 5 g, Mazu antifoaming agent, 2 g v maltose, 100 g, glucose, 10 g t fructose, 50 g, water, 
736 5 g] Following 24-48 hours of growth at 37°C and 200 rpm, 2 ml of this preculture 
was used for inoculation of 20 ml complete Aspergillus induction medium The respective 

30 strains were cultivated for 10 days at 37°C and 200 rpm and samples were collected at 
day 6 and day 6 Samples were centnfuged at 14,000 rpm in an Eppendorf centrifuge and 
clear supernatant was separated and stored at -20 D C pnor to determining the milk clotting 
activity using a conventional assay 



35 
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The results of this study are summarized in Table 1 

Table 1 Summarises the results of chymosln production sfreke flask experiments with 20 selected 
pGAMmodBM transfbnnants of Aspergillus niger var awamon (out of 75) using as a positive con- 
5 trol a strain of Aspergillus niger var awamon carrying pGAMpR(PIM1149) end as the negative 
control an Aspergillus niger var awamon cured of ptasmlds encoding chymosin 
Arbitrary milk dotting units (AU) were determined after 8 days Incubation 



transformant nr 


AU , 
day8 


1 (BM27) 


217 


2 


155 


3 


100 


4 


166 


S 


198 


6 


179 


7 


122 


8 


157 


9 


169 


10 


129 


11 


157 


12 


116 


13 


52 


14 


48 


15 


138 


16 


116 


17 


116 


18 


100 


19 


95 


20 


78 


PIM 


j 100 


Cured 


<2,5 



It appears that after B days of cultivation, the PIM1 149 control strain had produced 1 00 
10 AU Three of the tested pGAMmodBM transformed strains produced in excess of 170 AU 
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of which the highest producing strain designated BM27 produced 217 AU. I e more than 
two times higher yield of milk dotting activity than that obtained with the control strain A 
further 6 transforms nts showed chymosm production level more than 25% higher than 
that of the PIM1 1 49 strain In total, 1 2% of the tested transformants showed significantly 
5 higher production levels of milk dotting activity than did the positive control strain 

Relative glycosylate was increased m both high and low producing transformants in 
fermentations of the PIM1149 control strain, about 10% of the chymosm molecules were 
glycosylated whereas in pGAMmodBM transformants more than 90% of the molecules 
10 were glycosylated 

2 4 Laboratory scale fermentation of the pGAMmodBM transformant BM27 

Two independent laboratory scale fermentations (A and B) were earned out with the 
1 5 BM27 transformant and, as a positive control, an Aspergillus wger var awamori strain 
canying the pGAMpR construct using a 2 1 fermentor The fermentation medium used had 
the following composition Soy meal Danpro H supplied by Central Soya. 562 6 g, 
NH4SO4. 2,065 5g, NaH 2 P0 4 . 25 g. MgSO*. 12 5 g, Tween 80. 12 5 g, Mazu DF antifoam- 
Ing agent. 37 5 r tap water, 9,625 g, condensate (water) 2,000 g, sugar solution consisting 
20 of maltoss (Glucidex 47 supplied by Roquette), 5,000 g and tap water. 7,500 g 

The maltose solution was autodaved separately at 121°Cfor 20 minutes 3.300 g of the 
solution was added to the fermentor after heat treatment and the remaining 9,200 g was 
to be pumped into the fermentor dunng operation. 



The fermentation conditions were 37°C at pH 5 5 The fermentor was inoculated with 50 
ml of pre-culture prepared as desenbed above by inoculating 100 m) of CSL medium in a 
500 ml shake flask with 1x10* spores The culture was grown overnight at 37°C at 200 
rpm for 140 hours Samples were collected every 24 hours and assayed for milk dotting 
30 activity of chymosm 



25 
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The results are summarized in Table 2 

Table 2 Illustrates the results of a laboratory scale fermentation experiment using a selected 
pGAMmodBM transforman! of Aspergillus niger var awamori, modBM#27 and as a positive control 
5 a strain of Aspergillus nlger var awamon carrying pGAMpR (PIM207S) Arbitrary milk dotting ac- 
tivities were determined after 70, 95 119 and 140 hrs of fermentation The PIM B culture was dis- 
carded after ± 135 hours 





70 hrs 


95 hrs 


119 hrs 


140 hrs 
1( 


PIM A 


71 


310 


309 


308 


PIM B 


57 


22B 


333 


nd 


BM27 A 


58 


229 


529 


687 


BM27 B 


107 


419 


572 


695 

— « 



As it appears, the level of rnilk clotting activity produced by the BM27 transformant was 
after 140 hours of fermentation about 2-fotd higher than that of the control strain PIM2Q75 
It can also be observed that whereas the control strain reached a maximum level after 
20 119 houTS. the BM27 strain continued to produce chymosin after this point in time 

The high levels of milk clothng activity were obtained with the BM27 strain without degly- 
cosylation of the samples More than 90% of the chymosin produced by BM27 was glyco- 
sylated From these results it becomes clear that glycosylation was an important factor for 

26 an effective production of chymosin by Aspergillus strains With the location of the intro- 
duced modified glycosylation site at position 291 , according to the chymosin numbering 
(Gilliland. 1990) which might block the catalytic deft of the chymosin molecule, the possi- 
bility might be considered that the improved activity of chymosin BM was partly caused by 
a reduced autocatalytic activity The observed increased glycosylation does probably im- 

30 proves the secretion of the enzyme and probably also results in an increased protein sta- 
bility, possibly confemng to glycosylated chymosin 
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EXAMPLE 3 

Use of a glycosylated linker to Increase protein secretion by Aspergillus mger 
5 3 1 Introduction 

The general practice for production of non-homologous proteins in fungi is to make a fu- 
sion of the protein of interest to a highly secreted fungal earner molecule such as glucoa- , 
myiases, amylases, cellulases etc A specific cleavage site is usually introduced between j 
1 o he earner molecule and the non-fungal protein One example of such a production system \ 
is the production of chymosin by Aspergillus nfger In this case the chymosm gene is I 
fused to the fungal earner glucoamylase 

As shown In Example 2, chymosin production levels by Aspergillus can be strongly in- 
15 creased by introducing an N-glycosylabon site in the protein of interest, even though the 
fUngal earner molecule is heavily glycosylated Due to the introduction of an additional N- 
glycosylation site, the resulting protein molecule will differ from the native molecule by one 
or more amino acids. However, for public acceptance of such an enzyme for food applica- 
tions it is desirable to produce an enzyme that is Identical to the natural enzyme 

20 

To obtain increased production yields while producing a nature-identical enzyme a new 
strategy was designed In this strategy an artificial linker-sequence was introduced be- 
tween the gene encoding the earner molecule glucoamylase and the gene encoding the 
protein of interest This tinker was designed to contain an additional N-gtycosylation site. 
25 N-X-T, which is the preferred eukaryotic N-glycosylatoon recognition site In this way the 
fusion protein will be more heavily glycosylated and will thus be produced at higher levels 
by the fungus The protein of interest is released from the camer protein by specific 
cleavage dunng secretion or in the culture medium. This specific cleavage should occur at 
the C-terminal from the linker sequence to obtain a nature identical protein 

30 

To study this, a new DNA construct was designed for chymosin production, called 
pGAMmodB2 A linker sequence, encoding the amino acids T-D-N-S-T. was introduced 
between the earner molecule glucoamylase and bovine chymosin Dunng a so-called acti- 
vation step (incubation at low pH) mature chymosin is produced from prochyrnosm by 
36 autocatalytical cleavage, resulting in removal of the pro-part of prochymosin Chymosin 
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produced by pGAMmodB2 transfoimants using this strategy is completely idenHeal to the 
natural chymosin Chymosin production in fungi with plasmids pGAMpR (direct fusion be- 
tween glucoamylase and chymosin) and pGAMmodB2 is schemetically shown m Table 3 

5 Table 3 shows tt\e chymosin production in shake flask by transformants of plasmids pGAM- 
modB2 Arbitrary milk dotting units were determined after 8 days incubation 



ransforrnant AU transfdrmant AU 



PIM1 
P1M2 
cured 



6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

25 



68 


39 


67 


40 I 


0 


41 I 


0 


42 ] 


21 


43 | 


0 


A A 1 

44 1 


0 


46 1 


26 


A "7 I 

47 1 


36 


MO i 
I 


jm «*» C 

135 


49 1 


78 


50 I 


0 


51 I 


22 


52 I 


24 


53 I 


0 


54 I 


56 


56 I 


22 


58 I 


0 




0 


65 I 


0 


67 I 


0 


68 | 


28 


70 I 


0 


78 I 


0 


80 I 


| 29 


82 I 


29 


83 I 


0 


85 I 



01 

0 

0 
59 

0 
17 

0 

0 

0 

0 

0 

oi 

0 

22 j 
0 
0 
0 
0 
44i 
0 
67 
21 
0| 
0 
0| 
36 
88 I 
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26 


0 


86 


47 


27 


32 


87 


49 


28 


24 


88 


17 


29 


28 


89 


0 


30 


0 


90 


21 


32 


0 


91 


21 


33 


33 


92 


85 


35 


0 


93 


45 


36 


0 






37 


0 






38 


22 







3 2 Construction of Dlasmid pGAMmodB2 



For construction of pGAMmodB2 the Xho\ site in the pBluescnpt vector was removed by 
5 digesting pBluescnpt SKII + (Stratagene) with X/ioJ and Sa/I and subsequently re-ligating 
the vector The chymosm gene was cloned from ptasmid pGAMmodB (see Example 1) 
into this vector as a Spel-Xbal fragment, resulting in pLinkeM A small PCR fragment con- 
taining the linker sequence was generated using oligonucleotides 8081 (5' CATGTA- 
CACGCTGAACAGATCCTQAGC) and GlyLinl (5' CGT CGA CCG CTA CGG TGA CTG 
10 ACA CCT GGC GTA CCG ACA ACT CCA CCG AGA TCA CTC GCATCC CCC TCT 
AC A AG) 

The resulting PCR fragment was cloned in the pCR2 1-Topo vector (Inwtrogen) according 
to the instructions supplied by the manufacturer, and the DNA sequence was confirmed 
1 S Subsequently, the PCR fragment was cloned as a Sall-Xhol fragment in the correspond- 
ing sites of pLinken , resulting tn vector pLinker-TDNST To construct the final vector, 
pGAMmodB2, the chymosm expression cassette was isolated from pLinker-TDNST as a 
4.4 kb Xtol-Spel fragment and ligated with the 9 kb Xfial-Spel vector-fragment from 
pGAMmodB 

20 
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3 3 Transformation off CBS1Q8914 
Generation of protoplasts of strain CBS108914 

5 Strain CBS108914 was transformed With plasmid pGAMmodB2 using an optimized pro- 
cedure Strain CBS 10891 4 was inoculated in 20 ml CSL medium (Corn Steep Liquor 100 
g/l, NaH 2 P0 4 H 2 0 1 g/l, MgSO* 0.5 g/l, Mazu antifbam 2 gfl. Maltose 100 g/I, Glucose 10 
g/l, Fructose SO g/l, pH 5 8) and incubated overnight at 37°C at 200-250 rpm 10 ml of the 
p re-culture was transferred to 100 ml complete Aspergillus medium (10 g/l glucose, 6 g/l 

10 NaN0 3r 0,52 g/l KCI, 1,52 g/l KH 2 P0 4| 0 36 ml 10M KOH, 2 g/l undin, 20 mM NaNO* 2 
mM MgSD 4l 2 mg/I Thiamin. 2 mg/l Riboflavin, 2 mg/l nicotinamide. 1 mg/l pyndoxine. 0 2 
mg/i panthothenic acid, 4 pg/i btotin, 2 2 mg/l ZnS0 4l 1 1 mg/l H 3 BO a , 0 5 mg/l 
MnCI 2 4H 2 0. 0 5 mg/l FeS0 4 7H 2 Q, 0 17 mg/l CoCI* 6H 2 O t 0 16 mg/l CuSQ 4 5H a O. 0 15 
mg/l Na 2 Mo0 4 2H z O, 5 0 mg/l EDTA) in a 500 ml flask without baffles This culture was 

1 5 incubated overnight at 37°C and 200-250 rpm The mycelium was filtered over a stenle 
piece of myrecloth (Calbiochem) and washed once with stenle water and once with 1700 
mosmol NaCI/CaCl 2 (0 27 M CaCJ 2 2H 2 0, 0 58 M NaCI) The mycelium was transferred to 
a stenle flask and resuspended in 20 ml 1700 mosmol NaCl/CaCfe per gram mycelium 50 
mg Lytic Enzyme (Sigma) was added per gram mycelium The protoplastmg reaction was 

20 incubated at 100 rpm and 37°C until ready (many free protoplasts) The mixture was fil- 
tered on ice using myradoth An equal volume of ice cold STC1700 (12M Sorbitol, 35 
mM NaCI, 10 mM Tns NCI pH 7 5 r 50 mM Ca0 2 2H2O) was added The protoplasts were 
collected by centrifugation 10 mm in bench top centrifuge at 2000 rpm at 4°C The pellet 
was resuspended in 20 ml ice cold STC1700 and protoplasts were collected again by cerv 

25 tnfugation for 10 mm in a bench top centrifuge at 2000 rpm at 4°C This wash step was 
repeated once The final protoplast pellet was dissolved in ice cold STC1700 to a final 
concentration of 1 0x 10 s protoplast/ml 

Transformation of strain CBS 108914 

30 

2 10 x 1 0 7 protoplasts were mixed with 2 pi of ATA (0 5 M Aunnetricarboxylic Acid 
(Sigma) in 20% Ethanol) and 10 pg pGAMmodB2 DNA This was incubated on ice for 25 
minutes 1350 pi PTC (60 % PEG 4000, 10 mM Tns HCI pH 7 5, 50 mM CaCI 2 ) was 
added in small drops and mixed well The tube was incubated at room temperature. After 
35 exactly 20 minutes the tube was filled with chilled STC1700 and mixed immediately by 
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reversing the tube The protoplasts were collected by centnfugation for 10 minutes in a 
bench top centrifuge at 2000 rpm at 4 g C The pellet was dissolved in 500 fit STC1700 
This was spread on selective regeneration plates (216 g/J sorbitol, 10 g/l glucose, 6 g/l 
NaNOa, 0,52 g/l KCI. 1 ,52 g/l KH2PO4, 0 36 ml 1 0M KOH, 2 g/l undin, 15 g/l agar, 2 2 mg/l 
5 ZnSO* 1 1 mg/l H,BOa. 0 5 mg/l MnCI 2 4H 2 O f 0 5 mg/l FeSO* 7H 2 O f 0 17 mg/l 

CoCfe. 6H 2 0, 0 16 mg/l CuS0 4 5HiO, 0 1 5 mg/l Na 2 Mo0 4 2H 2 O t 5 0 mg/l EDTA) Plates 
were incubated at 35°C for 10 days 

Approximately 70 transformants were purified on selective minimal medium plates (identi- 
10 cal to selective regeneration plates but without sorbitol) and single colonies were used to 
inoculate PDA plates (potato dextrose agar, Oxoid) Spores were isolated and stored in 
20% glycerol at-*0°C 

3 4 Analysis of transformants 

15 

Spores of transformants were used to inoculate 20 ml of CSL medium in 50 ml Erten- 
meyer shake flasks Shake flasks were incubated 48 hrs at 37°C and 200 2 ml of the cul- 
ture was transferred to 20 ml of Induction medium (150 g/l Maltose, 60 g/l Soybean Dan- 
Pro, 70 g/l Na-Crtrate, 15 g/l Ammomumsulphate, 1 g/l NaH 2 P0 4 ~H 2 O ff 1 g/l MgS0 4 , 1 ml/I 

20 Tween 60, 1 mg/l Arginine. pH 6 0) and the cultures were incubated at 37°C, 200 rpm dur- 
ing 8 days 1 ml medium samples were taken at day 7 and day 8 Milk clotting activities 
were determined by measuring milk-clotting activities in 96 wells microti ter plates The 
best producers were selected and screened in a third small scale shake flask experiment 
to confirm the results obtained Chymosin production was tested in pilot scale fermentors 

25 with two selected transformants 

3 S Protein analysis 

The N-termmal sequence of the resulting chymosin was determined and was found to be 
30 identical to the natural chymosin and to the chymosin produced in Aspergillus with the 
pGAMpR expression construct 
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3 6 Results 

After 180 hrs the best pGAMmodB2 transformants were found to produce over 20% more 
than a reference strain producing bovine chymosm (see Table 4 below). Autocatalytical 
5 cleavage of the glucoamylase-chymosin molecule resulted in a nature identical protein as 
was confirmed by N-terminal sequencing 

Table 4 Shows the production of chymosm by pGAMmodB2 transformants in pilot scale fermen- 
tations Production levels are compared to production level by a comparable transformant of 
1 0 pGAMpR (PIM) Arbitrary milk clotting units were determined at different time points during the 
fermentation 



hr 


modB2#7 


modB2#85a 


modB2#8Sb 


PIM 


i 0 


0 


G 


0 


0 


28 


0 


0 


0 


0 


52 


0 


3 


0 


0 


76 


14 


24 


16 


14 


105 


97 


110 


90 


86 


129 


209 


226 


is3 


181 


146 


274 


295 


264 


262 


169 


347 


376 


345 


316 


191 


383 


426 


390 


353 



These results show that introduction of a glycosylated linker sequence between a fungal 
15 earner molecule and a non-fungal protein is an effective method for increasing protein 
production IbvbIs in fungi, even though the earner molecule already is heavily glycosy- 
lated This strategy does not require any amino acid sequence change in the enzyme of 
interest, making it an especially useful tool for production of enzymes for use in human 
and animal food. 
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EXAMPLE 4 

Comparison of the activity of the chymosfin BM before and after deglycosylatlon 

S 4 1 Introduction 

In Example 2, the development of the new Aspergillus strain producing a chymosin BM 
(S293T) was described This strain produces more glycosylated chymosin BM than the 
strain would produce native calf chymosin In this Example the glycan moiety effect on 
10 chymosin BM (S293T) activity is studied and compared with the activity of native calf 
chymosin 

4 2 Matenal and methods 

15 The activities of calf chymosin and the chymosin BM (S293T) were determined before and 
after deglycosylatlon with endoglycosidase H (Rec E Colt, Boehnnger, Mannheim, Ger- 
many) 

Punfied samples were adjusted to 200 IMCU/ml with 80 mM acetate buffer pH 
20 5 5 and 3 ml samples containing 600 IMCU and 0 IS U Endoglycosidase H were 
incubated over night at room temperature As a control, the enzyme was 
substituted by acetate buffer and also included Activity measurements were 
performed using the Remcat Strength Analytical Method International IDF standard 
157A 1997 

25 

SOS-Page (Nupage Bis-Tns 4-12% mes buffer Novex, Ca) was used to determined the 
glycosylation levels of the enzymes 

4 3 Results 

30 

Companson of chymosin BM and calf chymosin on SDS Page before deglycosylatlon 
reveal significant differences in glycosyfatron levels The chymosfn BM showed significant 
increased glycosylation 
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As shown m the below Table S f the glycosylation of the enzyme had a significant inhibitory 
effect on the milk clotting activity of chymosm BM sinoe the milk clotting activity increased 
to 32% of the initial activity when the chymosm BM was deglycosylated by Endogtucosi- 
dase H For calf chymosm only little or no effect was found since the increase of activity is 
5 insignificant 



Table 5 Milk dotting activities of calf chvmosm and chvmosm BM before and after deatv- 
cassation wi th Endoolucosidase H 



Sample 


Activity 


n of samples 


Increase of ac- 
tivity by degly- 
cosylabon 


Chymosm BM 








Glycosylated 


217 IMCU/ml 


3 




Deglycosylated 


287 IMCU/ml 


3 


32% 


Native Calf Chymosm 








Glycosylated 


216 IMCU/ml 


3 




Deglycosylated 


222 IMCU/ml 


3 


2% 



10 



TTie 2% increase in activity upon deglycosylation of the native calf chymosm is within the 
standard deviation of the method 
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CLAIMS 



3B Modtaget PVS 

1 7 Mi 2002 



1 A process for obtaining an isolated polynucleotide sequence comprising a DNA 
sequence encoding a polypeptide compnsmg an aspartc protease amino acid sequence, 
5 wherein the process compnses the steps of modifying the polynucleotide sequence to en- 
code an extra polypeptide N-X-T glycosylate site in the asparttc protease amino acid 
sequence and isolating the modified polynucleotide sequence encoding a modified poly- 
peptide 

10 2 The process for obtaining an isolated polynucleotide sequence of claim 1 , wherein 
the aspartic protease is a chymosin 



3 The process for obtaining an isolated polynucleotide sequence of claim 2, wherein 
the chymosin is a mammalian chymosin 

4 The process for obtaining an isolated polynucleotide sequence of claim 3, wherein 
the mammalian chymosin is bovine chymosin 



S The process for obtaining an isolated polynucleotide sequence of any of claims 2 
20 to 4, wherein the polypeptide is selected from the group consisting of pre-prochymosin. 
prochymosin and mature chymosin 



6 The process for obtaining an isolated polynucleotide sequence of any of claims 1 
to 5» wherein the modified polypeptide compnses at least one -N-X-T- site introduced at 
25 position 291-293 according to the chymosin numbering {Gilliland, 1990) 



7 The process for obtaining an isolated polynucleotide sequence of daim 6, wherein 
the modified polypeptide is modified by substituting Szn with T creating a N-X-T glycosyla- 
te site 

8 The process for obtainrng an isolated polynucleotide sequence of any of claims 1 
to 7. wherein the modified polypeptide compnses, within the aspartic protease amino acid 
sequence, an artificial linker comprising a N-glycosylation site, preferably a N-X-T glyco- 
sylate site 
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9 The process for obtaining an isolated polynucleotide sequence of any of claims 1 
to 8. wherein the polypeptide cornpnses a fusion protein compnsmg the aspartic protease 
amino acid sequence connected to a fusion partner 

5 10 The process for obtaining an isolated polynucleotide sequence of claim 9, wherein 
the fusion partner is selected from the group consisting of glucoamylase, alphs-amylase, 
celtobiohydrolase and a part thereof 

1 1 The process for obtaining an isolated polynucleotide sequence of claim B, wherein 
10 the artificial linker sequence is situated between a pro-sequence and a fusion partner of 

daim 10 

12 An isolated polynucleotide sequence compnsmg a DNA sequence encoding a 
polypeptide compnsmg an aspartic protease amino acid sequence, obtainable by a proc- 

15 ess for obtaining an isolated polynucleotide sequence of any of claims 1 to 1 1 

13. A method of producing a polypeptide exhibiting aspartic protease activity compns- 
mg the steps of cultivating a host organism compnsmg an isolated polynucleotide se- 
quence of daim 12 and isolating the produced polypeptide exhibiting aspartic protease 
20 activity 

14 The method of producing an isolated polypeptide of claim 13, wherein the host or- 
ganism is a yeast cell or a filamentous fungal cell 

25 15 The method of producing an isolated polypeptide of claim 14, wherein the host or- 
ganism is a filamentous fungal cell is an Aspergillus cell preferably selected from the 
group consisting of Aspergillus niger and Aspergillus niger var. awaman 

16 An isolated polypeptide exhibiting aspartic protease activity comprising a N-X-T 
30 glycosylation site 

17 The isolated polypeptide of daim 1 6, wherein the aspartic protease is a chymosin 

16 The isolated polypeptide of daim 17. wherein the chymosin is a mammalian chy- 
35 mosin 
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19 The isolated polypeptide of daim 18, wherein the mammalian chymosin is bovine 
chymosin 

20 The isolated polypeptide of any of dawns 16 to 19, wherein the polypeptide com- 
5 pnses at least one -N-X-T- site introduced at position 291-293 according to the chymosin 

numbenng {Gilhland, 1990) 

21 The isolated polypeptide of claim 20, wherein the polypeptide comprises ere* 
ating a N-X-T glycosylation site 

10 
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IMPROVED METHOD OF PRODUCING ASPARTIC PROTEASES IN A RECOMBINANT 
FUNGAL HOST ORGANISM 

ABSTRACT 

A polypeptide comprising an asparnc protease such as chymosm which is modified so as 
to comprise at least one -N-X-T- glycosylate site and a method for producing said poly- 
peptide 



10 
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Modtaget PVS 

claims 1 7 « 2002 

1 A process for obtaining an isolated polynucleotide sequence comprising a DIMA 
sequence encoding a polypeptide compnsing an aspartic protease amino acid sequence, 
wherein the process comprises the steps of modifying the polynucleotide sequence to 
encode an extra polypeptide N-X-T glycosylaton site in the aspartic protease amino aod 
sequence and isolating the modified polynucleotide sequence encoding a modified 
polypeptide 

2 The process for obtaining an isolated polynucleotide sequence of claim 1 , wherein 
the aspartic protease is a chymosin 

3 The process for obtaining an isolated polynucleotide sequence of claim 2, wherein 
the chymosin is a mammalian chymosin 

4 The process for obtaining an isolated polynucleotide sequence of claim 3, wherein 
the mammalian chymosin is bovine chymosin 



6 The process for obtaining an isolated polynucleotide sequenoe of any of claims 1 to 
5. wherein the modified polypeptide compnses at least one -N-X-T- site introduced at 
position 291-293 according to the chymosin numbenng (Gilhland, 1990) 

8 The process for obtaining an isolated polynucleotide sequence of any of claims 1 to 
7, wherein the modified polypeptide compnses. within the aspartic protease ammo acid 
sequence, an artificial linker comprising a N-glycosylation site, preferably a N-X-T 
gtycosylation site 

12 An isolated polynucleotide sequence compnsing a DNA sequence encoding a 
polypeptide comprising an aspartic protease amino acid sequence, obtainable by a process 
for obtaining an isolated polynucleotide sequence of any of claims 1 to 1 1 

13 A method of producing a polypeptide exhibiting aspartic protease activity compnsing 
the steps of cultivating a host oiganism compnsing an isolated polynucleotide sequence of 
claim 12 and isolating the produced polypeptide exhibiting aspartic protease activity 



14 The method of producing an isolated polypeptide of claim 13, wherein the host 
organism is a yeast cell or a filamentous fungal cell 
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16 An isolated polypeptide exhibiting aspartic protease activity comprising a N-X-T 
glycosylate site 
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Modtaget PVS 

Xy3 J 7 mm 2002 




Fig.l 



17/08 '02 HAN 14 40 [AF/MT-NR S62S] @047 



• 17/06 2002 15 00 PAS 45 45 74 88 66 CHR HANSEN LEGAL AFFAIRS ©048 




Modtaget PVS 
2/3 * 7 Ml 2002 

The mutation as introduced in fragment modB-XS is indicated in bald (g-c) 
Sail 

ccgctac 

Xhol 



tJ^Scact^^ 

tLagcgaettatgggttecetccatctac^^ 

Sphl 



cagaflccttggpaagcccctttacHtccact 

C6»g4Wivw»S v,l 5 w, ' 1 'b , *t | t ) "" ero - « — — — - - SST 



cttacccc 

catggaccgtaacggteaggagtccatgcttaetctgre^ 



J^saWcgMteoWaac^ 
toccag_ 



Fig. 2 
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Modtaget PVS 
3/3 1 7 JUNI 2002 



SEQ1D-1 

cggtcgacq 



tgcetcteactaactacetggacagccagtactaggtaagal^ 



SEQ-ID XXX-2 

gc&gcatgcag^tc^ggctacgacaccgttaccgtgtccaacattgtcgatattcagcagaccgtg 

gcctggcgalgtetteaettHcgccgagttGga^^ 
acaacatgatgaaccgccacctcgtcgctcaggatctgttcagcgtgtacatg 

SE °- n>XXXJ 



atccttgatactggteccagc 
SEQ-ID XXX-4 

ctggtaccagcaagctcgtcggccc*tccagc^ 
ttcsatatcgactgcgataacctttctt^ 
ccapMtf^0ffcttirtEtacctcte$mtc^fitctga£aaccaca^^ 



SEQ ID XXX-5 




SEQIDXXX-6 

ggeeaggcgcgccttecatggaagaatgcggccgc^^ 



Fig. 3 
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